Introduction

47
Dendritic spines are specialized neuronal structures that host most of the 
83
Another study also showed evidence of dissociation between synaptic potentiation and 84 increase in spine size controlled by the phosphorylation status of Ca 2+ /calmodulin-85 dependent protein kinase II (CaMKII) (Pi et al. 2010 ).
86
To further investigate the relationship between long-term synaptic plasticity and 87 spine structural plasticity, we studied spine morphological changes after chemical LTD 
Materials and methods
110
Animals
111
Mice expressing YFP in a subset of hippocampal neurons was purchased from 
Immunoblot analysis
177
Whole hippocampus tissue were freshly collected and sonicated in ice-cold lysis 178 buffer with 10 U/ml protease inhibitor aprotinin (Sigma) and 1 µM okadaic acid (Sigma).
179
Samples were then centrifuged at 14,000 rpm for 10 min in cold room. The pellets were 180 resuspended with 1 ml lysis buffer. The prior two steps were repeated twice while the 
Image analysis
227
All images were analyzed using Volocity software (Improvision). Confocal images 
Immunostaining of YFP and confocal microscopy imaging
243
Hippocampal slices from WT-2J mice were prepared and fixed as described shown), and further tested for protein expression using immunoblot analysis ( Fig. 2A) . Interestingly, S845A-2J mice exhibited higher basal spine density compared to WT-2J 315 mice (P < 0.007, Student's t-test; Fig. 2B 1 , B 2 ), but the average spine head volume and 316 the distribution of spine head size were not affected (Fig. 2B 3 ) .
317
The change in basal spine density implies that S845A-2J mice may have altered Thus, a lack of change in mEPSC frequency may reflect either a reduced presynaptic 330 release probability or a higher proportion of silent synapses in the S845A-2J mice. We The strengthening of NMDAR synaptic transmission is further supported by an increase in the level of synaptic NR1, an obligatory subunit of NMDAR, in isolated postsynaptic 346 density (PSD) of S845A mutant mice (WT, 100 ± 4.21 %, n = 10; HM, 159.82 ± 26.75, n 347 = 11; P = 0.05, Student's t-test; Fig. 3D ), which was not accompanied by a general 348 increase in the total NR1 expression (WT, 100 ± 6.92 %, n = 8; HM, 100.68 ± 11.67, n = 349 9; Fig. 3D ). These results suggest that there is likely dissociation between the functional and the 367 morphological alterations after chemLTD. In particular, GluR1-S845 is involved in the functional depression of synaptic transmission, but not necessary for the spine 369 structural plasticity associated with chemLTD.
370
In contrast to WT-2J, the spine density of CA1 pyramidal neurons in S845A-2J 371 mice was reduced approximately 20% at 1 hour after chemLTD induction (P < 0.02 372 between the CTL and the 60 min group, Fisher's PSLD following ANOVA; Fig. 4D ).
373
Interestingly, because the spine density was higher in the S845A-2J under basal 374 conditions, the spine density 1 hour after chemLTD was comparable to what was seen 375 in WT-2J (data not shown. WT-2J = 100 ± 3.32%, average across all conditions, n = 63; 376 S845A-2J = 101.57 ± 6.26%, n = 19, normalized to WT-2J; p = 0.83).
378
Shrinkage of individual spines after chemLTD induction in both WT-2J and
379
S845A-2J mice
380
Laser confocal microscopy provides high-resolution images in thin tissue changes when we detected YFP using an anti-GFP antibody (Fig. 6B 1 , B 2 ) . 
S845A mutation impairs chemLTD induction and alters synaptic transmission 460
GluR1-S845 is a substrate of PKA (Roche et al. 1996) and is thought to play a (Fig. 3A) , which is in agreement with increased GluR2 content at synapses (He et al. In addition to the normal spine head shrinkage, chemLTD induction also caused 481 a loss of spines in S845A-2J mice (Fig. 4D) . Interestingly, chemLTD reduced the spine Even though the S845A mutation significantly impaired chemLTD (Fig. 4A) , a 518 similar level of spine head shrinkage was observed following chemLTD induction ( were stable for at least 15 min during baseline observation and used for data analysis. 
823
ChemLTD induction requires the activation of NMDARs, which recruits protein 824 phosphatases (PPases, such as PP2B) and PLC. These two signaling pathways lead to 825 long-term synaptic depression and spine head shrinkage. Dephosphorylation of GluR1-
826
S845 is involved in synaptic depression, but not in structural changes of dendritic spines.
827
The residual chemLTD in S845A mutants may be PLC mediated and/or GluR2-828 dependent. 
